The commercial uses of manganese are many, but instances of poisoning have been collected from only three sources. This is possibly because the condition is rare and the symptoms so bizarre that the physician unacquainted with the possibility of poisoning by manganese and seeing a single isolated case, interprets the findings as an atypical instance of some more common type of nervous disease.
A partial list of the uses of manganese compounds in this country and abroad is as follows: It has been employed in the manufacture of chlorine and oxygen, in making dry batteries, in glass works for cleaning and coloring molten glass, for coloring brown and black glasses, to destroy carbon in the production of enamel, as a paint for Fayence and porcelain, for glazing, for coloring and graining soaps in aniline and alizarin factories, in various processes connected with the manufacture of glass, oil, and varnish, and finally in the making of cement and glazed brick. Certain manganese colors, such as manganese brown, a hydrated peroxide of manganese, have had extensive use. Manganese bistre and manganese violet are other examples of dyes made from this metal. In Holland and Germany, manganese sulfate has occasionally been used as a fertilizer, but not very widely, the matter having been apparently in the experimental stage when the war began. Manganese has been extensively used as an alloy with steel and nickel.
In spite of these very varied applications of the metal, chronic poisoning is known to have occurred in only three types of employment:
(a) In French workers handling manganese dioxide in the manufacture of chlorine for bleaching powder.
(b) In Germans engaged in grinding manganese dioxide as a stage in commercial utilization for various purposes.
(c) In mill employees in the United States who work in a dust that contains manganese as oxides and silicates.
II. HISTORICAL SUMMARY
The history of the occurrence of chronic manganese poisoning is most interesting. Couper, in 1837,published a brief article recording observations on five workmen employed in a chemical factory where they ground manganese dioxide in the manufacture of chlorine for bleaching powder. "Their skin is constantly covered with a layer of the oxide, and the air which they breathe is impregnated with a multitude of molecules of this oxide, which are introduced into their lungs by respiration. In 1821 a young man apparently in good health, being employed at this work, presented symptoms of paraplegia which, becoming worse, forced him at the end of some months to stop work. After having tried without effect the medicines used in paralysis, he absented himself from the neighborhood for a year. At the end of this time, having returned, it was evident that he had made little progress toward recovery. In the following year another workman, similarly employed in grinding manganese and apparently enjoying the best of health, fell equally ill. As it was not suspected that manganese produced poisonous effects, he was permitted to work for several months, with the exception of short intervals employed in treatment. As the paralysis increased, manganese was finally suspected to be the cause and the workman moved to another region. Afterward there was no augmentation of symptoms and at the end of six years the patient was in good health. During the height of the disease the weakness of the contractile muscles was much greater in the legs than in the arms. It was of such a nature that the patient reeled in walking and leaned forward when he wished to walk. The arms were somewhat weak and there was difficulty in speech. He was not able to make himself understood by a person at a little distance. Other sensations and intelligence were unaffected. The trunk muscles had the appearance of those of a paralytic. Saliva ran from the mouth during speech. There was no trembling of any part of the body, no colic, constipation, nor derangement of digestion. He was given mercurials, vesication of the head and dorsal spine, and strychnine, but all without effect.
"Following these two cases three others developed, but when these men were promptly removed from their work, the early symptoms which they displayed disappeared."
Many years then elapsed before manganese poisoning was again described. On October 7, 1901, von Jaksch described three cases which he considered atypical instances of multiple sclerosis of the brain and spinal cord. Von Jaksch described these cases very carefully and commented on the fact that they were all employed as grinders of manganese dioxide in the same factory and that they all attributed the disease to their work. He was evidently unwilling, having failed to note Couper's publication, to fasten such an extraordinary disease upon manganese and finally made the diagnosis of multiple sclerosis. He believed the inordinate changes in temperature to which these men had been subjected were the direct cause of their disease.
m. PATHOLOGY
The symptoms of chronic manganese poisoning are strikingly definite. Once seen, the condition will not be confused with any other clinical entity. The implication of a clear-cut attack upon some one portion of the neuromuscular apparatus is, of course, conveyed by a syndrome of such fixed type. There are no post-mortem data on any of the foreign cases: the disease itself has never been fatal either in Europe or in this country. Casamajor, however, has reported a single autopsy upon an advanced case of manganese poisoning, the patient dying with pneumonia. His description may be summarized as follows:
Gross observation showed no changes in the brain, liver, or spleen. Microscopical observation showed the following changes:
Kidneys: A moderate chronic interstitial nephritis was present. Liver: There was considerable biliary cirrhosis and the liver cells contained much pigment, the majority of the granules being iron-containing.
Brain: "There was some degeneration of more or less regular character in the longitudinal fibers in the pons which run with those of the pyramidal tracts. While these degenerations are regular enough to be assembled into clearly defined tracts, nevertheless, it was not possible to determine exactly either the upper or lower level of the tracts in question. The de-bc=x lxxxVi HARRIET NEWELL LOWELL SOCIETY FOR DENTAL RESEARCH generated portion does not appear to go above the upper level of the pons, nor does the lower portion extend to any appreciable extent into the medulla
The pyramidal tract elements are clearly defined, and those of the fronto-pontine and temporo-pontine tracts are fairly so."
In our present state of knowledge these findings do not lead to any conclusions whatever. Stocker, in describing a case of progressive lenticular degeneration, mentions the fact that one must always be certain, in making a diagnosis of this disease, that the patient has not worked in manganese, since the symptoms of chronic manganese poisoning and those of this rare nervous disease are strikingly similar. It is unfortunate that we have no record in Casamajor's autopsy of a definite examination of the lenticular nucleus. While gross changes, such as were found in Wilson's instances of lenticular degeneration, could not be expected except in the most extreme grades of manganese poisoning, grades never found clinically, it is possible that microscopical degenerations existed. The syndrome presented by Wilson under the title, "progressive lenticular degeneration: a familiar nervous disease associated with cirrhosis of the liver, has marked similarity to paralysis agitans; and indeed such cases have been called juvenile paralysis agitans. Wilson, while not the first to describe the condition, has given the first thorough account of lenticular degeneration and his paper contains much material of interest in relation to manganese poisoning. In mentioning this similarity it should be noted that Wilson's very careful microscopical examinations contain no mention of the lesions in the pons described by Casamajor. If these lesions represent the pathology of manganese poisoning, which Casamajor does not claim, there is no known pathological similarity to lenticular degeneration. Future observation may clarify the whole question.2 Animal experimentation in the hands of both von Jaksch and Casamajor has proved entirely ineffectual in reaching the true pathology. Possibly more intensive experimentation may bring success.
IV. COURSE OF THE DISEASE
This is best given through the medium of a-clinical history illustrative of several of our own cases.
History
An American mill hand, single, aged 30, with negative family history and previous personal history, was first seen on June 19, 1918. He complained 2 Readers who may be interested in the clinical similarity between chronic manganese poisoning and progressive lenticular degeneration are referred to an article on "the clinical aspects of chronic manganese poisoning," by Edsall and Drinker, in the "Osler Anniversary Volume," 1919. at this time of finding it "hard to walk." The patient first became a mill hand in 1904, and was employed in dusty work as a brusher on the screens. He had no cough while so employed and noticed no symptoms until a year and a half later. During this period he was shifted about upon various jobs in the mill. His first symptoms consisted in a "twitching" of the fingers and legs. If he stood all day he had a bad night on account of hard cramps in the legs; otherwise he had a pronounced tendency to sleep. It is still true that fatigue produces twitching and cramps, so that the patient never walks far. After the onset of symptoms, the patient stopped work for a year and then came back in a dust-free job. In 1908, being apparently in good condition, he again worked as a screen man for seven months, when poisoning again became noticeable, and he was given light work. On November 29, 1913, he was pensioned.
There is a vague history of constipation and indigestion while at work in the dust but no record of cough. He remembers clearly that nocturia once or twice was the rule while working but this has now stopped. Periods of uncontrollable laughing and crying have been present since early in his history. He cannot give the date of onset of these symptoms. Cramps in the legs were marked and rather incessant in 1913, but have improved so that they do not occur now unless he has had a very active day. The patient's hands no longer twitch unless he is very tired, and his legs are subject to the same rule but are less easily controlled than his hands.
Physical examination
The patient, a slender man, stands with his feet slightly apart and in this position does not sway. His memory is good and he gives an account of his positions and work since 1904 which checks perfectly with the mill report. His replies are somewhat hesitant but he is positive about assertions once made. His reputation is that of being mentally subnormal, possibly because of his slowness of speech and his constant foolish smile. This foolish smile is present most of the time, but the patient has no difficulty in controlling it when questioned and required to answer. His face is without wrinkles and displays the smooth fixation so characteristic of the disease. The pupils are equal and regular, and react quickly to light and accommodation: the sclerae are clear: there is no lacrimation, no lid-lag, no exophthalmos nor muscular palsies; the form fields are not restricted; slight, but easily elicited, nystagmus3 is present. The fundi have not been examined.
The patient's voice is clear but his speech is slow, though there is no slurring nor difficulty in forming words. He makes rather frequent large swallowing movements of which he is apparently unconscious.
Examination of the lungs, heart and vessels shows nothing abnormal. The heart rate is 76 and the blood pressure normal. Abdominal examination shows nothing unusual with the exception of hyperactive reflexes.
Examination of the extremities shows a fine tremor of the outstretched hands and, in addition, frequent periods of tremulous movements more like the pill-rolling tremor of paralysis agitans than anything else. Biceps, triceps, and radial periosteal reflexes are equal on the two sides and slightly exaggerated. Examination of the legs shows no muscular wasting, paralysis, tenderness, nor edema, and no fine tremors. There are rather infrequent periods of rapid movements of the heels by the calf muscles. These spells of " teetering " are not accompanied by pain or cramp. Patellar and Achilles tendon reflexes are exaggerated and equal on the two sides. There is slight ankle clonus, no patellar clonus. The Babinski reaction is absent. The patient cannot stand with feet close together but falls in any direction when so placed. He presents the characteristic slapping gait of the disease and walks successfully with his eyes closed. Retropulsion is marked and propulsion is easily brought out when the patient stands on his toes. There is no intention tremor and no incoordination in finger to finger and finger to nose tests. There is slight resistance to passive movements. There are no disturbances of sensation of any sort.
Laboratory findings
Routine blood and urinary examinations gave entirely normal results.
Summary
A boy was employed in dusty work for one and one-half years and was then compelled to cease work on account of twitching of the fingers and legs and on account of cramps in the calves. About three years later, being apparently well, he again worked in heavy dust, and after seven months noticed a tendency to fall and felt weak and tired. Being removed to dustfree surroundings, he did not recover but showed uncontrollable laughter and crying, cramps in the legs, and a certain amount of muscular twitching. On physical examination he displays no prominent mental deficiency. His face is smooth and constantly smiling. Speech is very slow. There is a fine tremor with periods of "pill-rolling" in the hands. The legs display tremor and twitching. All tendon reflexes are somewhat increased. Ankle conus is present, likewise retropulsion and propulsion. There is no evidence of any sensory disturbance.
As we have seen chronic manganese poisoning, the following findings make the syndrome. We have numbered them in the most common order of appearance. It is difficult to emphasize in any written description the clearness with which the symptoms come out and the ease with which the diagnosis can be made.
1. A history of work in manganese dust for at least three months. 2. Languor and sleepiness. 3. Stolid, mask-like facies. 4. Low monotonous voice. Economical speech. 5. Muscular twitching, varying in degree from a fine tremor of the hands to gross rhythmical movements of the arms, legs, trunk and head.
6. Cramps in the calves and a complaint of stiffness in the muscles of the legs, the cramps usually coming on at night and being worse after a day of exertion.
7. Slight increase in tendon reflexes. 8. Ankle and patellar clonus. Frequently by stretching any of the muscles of the body it is possible to elicit rhythmical contractions. Romberg sign is inconstant: there is no incoordination. 9. Retropulsion and propulsion. 10. A peculiar slapping gait. The patient keeps as broad a base as possible, endeavoring involuntarily to avoid propulsion. The shoes are worn evenly and we have not been able to convince ourselves of the pronounced tendency to walk on the region of the metatarso-phalangeal joints, a feature strongly emphasized by von Jaksch.
11. Occasionally uncontrollable laughter; less frequently, crying. 12. Uniformly absent are any disturbances of deep or superficial sensation; eye changes; rectal, genito-urinary or gastro-intestinal disturbances; reactions of degeneration; blood, urine, and spinal fluid alterations. It is significant that, unlike lead, manganese produces no life-shortening degenerations. Seriously poisoned men are long-lived cripples. The metal apparently makes a very definite attack upon some non-vital portion of the neuromuscular system, destroys it thoroughly, if time for action is permitted, and leaves the victim quite well in every other respect.
We have never seen either the salivation or edema described in foreign cases.
V. TREATMENT
After the harm has been done there is no form of treatment of any value. Early cases recover spontaneously, if placed in dust-free environment. The problem therefore becomes one of prevention alone. Wagener and Friedel have given summaries of this phase of the subject, but their directions are not based upon observations on enough cases to afford a basis for thorough directions.
It is clear that dust removal will destroy the possibility of disease incidence. The extent to which this must be accomplished cannot be given exactly. Apparently some of the German cases, working in a dust of practically pure manganese dioxide, have been more severe than any, with one possible exception, seen in this country. If the metallic concentration in the dust breathed is high, removal must be proportionately more complete. In this regard it is interesting to note that we have never seen a case of manganese poisoning that resulted from work in a very thickdust averaging only 5 to 6 per cent of manganese, while the cases we have described have come from a mill in the same neighborhood also thick in dust, with a manganese concentration of 9 to 12 per cent. This latter concentration seems to be just able to poison if present in air thoroughly laden with dust. Manganese is apparently only slightly toxic and susceptible individuals are few. As a consequence, it is probable that poisoning can be controlled in the processes where total dust elimination is difficult, if the elimination is at least partially successful. Where, however, any possibility of poisoning exists, special measures as to physical examination of employees should be taken. We have said that the shortest period of exposure resulting in permanent disability, of which we have knowledge, is four months and five days. We have seen the development of very cleancut symptoms in one month and fifteen days. Couper had recovery in three cases showing minor symptoms-the character of which he does not give-on removal from dusty work. Our experience corroborates this. The disease must advance to a considerable degree to be dangerous; but in this regard caution is necessary since each man, after several months of dusty work, possesses a reservoir of dust in his lungs, which is absorbable directly and may also be coughed up and swallowed. Consequently, on the appearance of symptoms, it is essential that removal from dusty surroundings be accomplished at once, leaving the patient with nothing to contend save the dust already swallowed. Our examination of the problem has caused us to institute quarterly physical examinations for men working in dusty parts of the mill that produced our cases. Such examinations can be made extremely rapidly and have worked well. Early cases are detected readily, and changed to dust-free jobs before harm is done.
As in the case of lead poisoning, malingering and even definite manganophobia occur. Unlike lead, manganese is clean-cut in its attack; and, while such instances must make occasional trouble, they can never escape eventual detection.
In conclusion, it is the urgent hope of the author that industrial physicians and dentists having opportunities to observe men handling manganese compounds will be on the alert for poisoning, and will see that their observations reach the literature upon the subject.
